Introduction
Analysing the relationship between unemployment and output becomes essential due to the differences in productivity growth that could be behind it. It is known that during the last decades, European Union (EU) countries (mainly EU-15 ones) have reduced their disparities regarding income (Gross Domestic Product, GDP). Precisely, common GDP pathways are observed, so it could be said a process of economic convergence has occurred there. Nevertheless, the Great Recession (2007) (2008) (2009) ) has affected European labor markets and devastating effects on unemployment have occurred over the last years (Eurostat, 2016) . Accordingly, public policies to reduce unemployment rate, and measures to enhance the derived convergence are one of the main issues on the interests of policymakers.
Literature review
Originally, most of the studies which examined Okun's coefficient validity were for the United States (Weber, 1995; or Attfield and Silverstone, 1997) , but in recent years this relationship has also been tested for other countries, essentially developed ones due to data availability (Hamia, 2016) . To name a few of the latest studies (for a more profuse review, see Perman, Stephan and Tavera (2015) that made a meta-analysis of Okun's Law. They concluded that the correlation between unemployment and GDP movements is close to -0.61 and -1.02.), four classifications are considered regarding studies that tested Okun's Law for Organisation for Economic Co-operation and Development (OECD) members, European countries, groups of developed countries and single-country analysis.
Hence, Lee (2000) , Moazzami and Dadgostar (2011) , Zanin (2014) and Kargi (2016) tested Okun's Law for OECD countries. Lee (2000) focused on 16 countries during 1955-1996 using both first difference and the 'gap' models. He found after 1970s most countries began to experience a smaller output loss associated with higher unemployment. Additionally, Moazzami and Dadgostar (2011) applied a correction modelling for 13 countries along 1988-
Methodological approach
To begin with, we describe the dataset used in our empirical analysis, considering the group of selected European countries, the sample period, the variables and the sources of information from which we obtained the data. Besides, a descriptive analysis is presented as the first step in order to make tentative conclusions beyond our information.
Our empirical results are based on a complete balance panel data set for the abovementioned EU-15 countries. One of the most important issues is the availability of the data. Thus, as we have restricted our analysis to the period that allows us to compare results across countries, we focus on 2005-2017. A period somehow enough for the conclusions here presented. All in all, in order to provide deeper conclusions, future research could be improved when considering all the European countries and interest variables for a longer period of time, or distinguishing by subperiods of time.
We examine the relationship between unemployment and output for EU-15 countries: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden and the United Kingdom. Furthermore, four macro-areas (based on geographical location) are also considered: (i) Continental Europe: Austria, Belgium, France, Germany, Luxembourg and Netherlands; (ii) Nordic countries: Denmark, Finland and Sweden; (iii) Southern Europe (PIGS): Portugal, Italy, Greece and Spain; and (iv) Anglo-Saxon countries: Ireland and United Kingdom. The latest financial and economic crisis has affected European labor markets, as unemployment rates have considerably increased (Eurostat, 2016) . Hence, as analyzing the relationship between unemployment and output becomes these days one of the main issues in Europe.
Our database consists of two main variables: Output or Gross Domestic Product (GDP) at constant prices (2010 base year), and unemployment rates (total, by gender and age cohort). Basic data used in this study is taken from the OECD Statistics (2017). The main variables are described by age group in Table 1 in Appendix.
In order to have a better knowledge of the economic situation and as a first approximation to our econometric estimations, we are going to study how our variables have been changing, both across European countries/macro-areas and over time. Then, Graph 1 plots the cycle differences between output and the total unemployment rate (considering age cohorts) by macro-area whereas Graph 2 shows the distribution of the total unemployment rate disaggregating by sex. All that information reflects the regional heterogeneity (across countries) in the relationship between output and unemployment, by regional, age and sex perspectives, and so reinforces the motivation of this study that is the revision of the Okun's law in selected European countries considering an age and gender analysis. Overall, from these Graphs, it is shown a clear difference regarding unemployment rates in the Southern Europe (PIGS) area. In fact, it can be appreciated the highest unemployment rates are due to the higher impact of the crisis in these countries. Besides, when considering age cohort, the largest values are reached by the youngest population one (Rudawska, 2010) . Furthermore, slight differences are appreciated also by sex. Females (as young people) appear to be more susceptible to economic downturns than men, as higher rates are observed for this collective. Consequently, the closing of the gender unemployment gap is not appreciated for the selected European countries (Albanesi and Sahin, 2013) .
As previously argued, several studies have estimated Okun's Law using static or dynamic specifications. Precisely, two basic approaches are considered in our empirical analysis (Lee, 2000) . (i) The differenced model that represents a convenient way to achieve stationary data containing a unit root; and (ii) the 'gap' one that provides inferences on time series behavior over the business cycle.
In the first-difference model, the relationship between the observed real output ( ) and the observed unemployment rate ( ) is given by Equation (1): where ∆ is a difference operator ( − − ; − − ); is the intercept; is the Okun's coefficient (measuring by how much changes in the unemployment rate produce changes in output); and is the disturbance term.
The second approach is related to the notion of the 'gap' between current and equilibrium output and the one in unemployment in the Equation (2):
where − * = and − * = . In other words, the difference between the observed and potential (*) output (GDP) and unemployment rates, respectively, captures the cyclical levels of both. Nevertheless, the problem with this model is that there are no observable data on * and * . Thus, they have to be estimated, which means that it is necessary to generate and trends.
In this study, we just used the Hodrick-Prescott (HP) filter as it is widely useful tool in macroeconomics, which is used to extract a trend component from a time series. Besides, software facilities and the optimality criterion, from which it can be derived, can explain its extensive use. As well, recently De Jong and Sakarya (2016) indicated that consistent with the use of the HP filter by macroeconomists, the cyclical component satisfies weak dependence properties for a wide class of stochastic processes. All these justified its pertinence here.
Conducting research and results
Before a deeper description of the empirical results from previous estimates, we have performed some preliminary tests in order to reach some conclusions regarding the hypotheses we have made. Mainly, as we are taking into account differences in unemployment (by sex, age, and region), we try to solve differences by them. In doing so, we applied an analysis of variance (so-called, ANOVA). In fact, in Graph 2 it was shown that there are huge differences in total unemployment rates when distinguishing by region or macro-area, being PIGS countries the ones with highest rates and differences. Hence, this macro-area would have a singular space in this study. However, we wonder whether differences may be also explained by sex. To find out it, we fit a regression model (two-factor ANOVA) of the total unemployment rate (15-64 years) on region and sex.
The two independent variables in a two-way ANOVA are called factors. The idea is that there are two variables (factors) which affect the dependent variable. Each factor will have two or more levels within it. The degrees of freedom for each factor is one less than the number of levels. Thus, the region term contains three degrees of freedom, and the gender factor contains only one. The null hypotheses for each one are given as follows. (i) The population means the first factor (region), are equal. This is like the one-way ANOVA for the row factor. (ii) The population means the second factor (sex), are alike. Identical to the one-way ANOVA for the column factor. Results highlight that while the null hypothesis regarding there are no significant differences between regions is rejected (ANOVA region2005 = 2.32, p=0.25 > 0.05; ANOVA region2017 = 26.42, p=0.01 < 0.05), it is not rejected for sex (ANOVA sex2005 = 1.21, p=0.35> 0.05; ANOVA sex2017 = 0.27, p= 0.64 > 0.05).
Therefore, the following Section does not distinguish results by sex and focus the analyses on differences by the approach, age cohorts, and regions. That is to explain, from our initial question about the robustness of the Okun's Law in selected European countries considering different age cohorts and gender, now we could partially answer, as no sex In particular, we present our results for estimations of both approaches previously described. Specifically, in Table 2 results for the first-difference model are presented whereas Table 3 contains the equivalents for the 'gap' one. Notwithstanding, the pure interpretation of the Okun's coefficient is different using Equations (1) and (2), as well as with the trend-cycle of the series compared to raw data. Our findings could be synthetically summarized as follows. Firstly, it is noteworthy from these Tables 2 and 3 that coefficients are statistically significant and they have the expected signs according to a priori economic criteria. That is, the empirical analysis shows an inverse relationship between unemployment and output which holds for most of the European countries (Luxembourg is never significant. These results go hand in hand with the R-sq, which is quite low precisely almost always when it is not found significant coefficients) and for the whole sample and subsamples, and so, it could be argued that these estimates are robust and consistent.
Secondly, our results point out that these developed countries included in the EU-15 that constitute our sample, experience smaller output loss associated with higher unemployment in recent years. It is also found smaller values for the oldest age cohort. This fact suggests that the oldest population tends to be less exposed to the business cycles in this selected sample. Meanwhile, regarding elasticities estimates we found slight differences along countries and European macro-areas. E.g. The 15-64 years estimates in average terms are from Denmark and the Netherlands (-0.08) to Finland (-0.30). For macro-areas Continental Europe is at the lower end (-0.08) .
Following the same logic, if we focus on the two approaches considered in our empirical analysis, we can highlight the following findings. On the one hand, in spite being very similar results, coefficients are smaller for the 'gap' model. On the other hand, mostly, smaller values (in absolute terms) for the oldest age cohort are found in the different samples, regions or macro-areas considered. Again, it is appreciated that the youngest age cohort plays a key role. E.g. and continuing with a country of the previous example Denmark presents the following elasticities for each of the age-cohorts: (-0.10), (-0.07; -0.08), and (-0.06; -0.07) . 
Conclusion
From an economic perspective, the unemployment rate understood as unutilized labor capacity, is an important indicator both social and economic dimensions. In this study, our main goal is to test the robustness of the Okun's relationship during the latest decade in EU-15 countries. Besides, the analysis has been done both by individual country and considering four macro-areas: Continental Europe, Nordic countries, Southern Europe (PIGS) and Anglo-Saxon countries. The main hypothesis to be tested was that there is a significantly negative coefficient on cyclical output. Besides, than differences by age and gender could appear.
In spite of the fact that there is vast evidence regarding Okun's Law and compared to recent contributions (Boďa and Považanová, 2015; or Rahman and Mustafa, 2017) , our empirical research analyses the link between unemployment rates changes and real output ones for those developed particular countries, using data in different specifications and several factors, altogether. This topic is particularly relevant for these European countries given the high unemployment rates since the latest economic crisis. Precisely, in the time period studied, unemployment records could be sum as follows. At the beginning of 2005, a period of steadily declining unemployment started, lasting until 2008 when unemployment hit a low before rising sharply in the wake of the economic crisis. Between 2008 and mid-2010 the unemployment level went up to a maximum since the start of the decade. Later, since 2011 and until 2013 unemployment progressively increased. After that, the unemployment rate started to decrease up to date (Eurostat, 2016) .
The hypothesis results show an inverse relationship in Europe between unemployment and GDP. Nevertheless, slight differences among countries and macro-areas are found (not in the sign, just in the values). Overall, our empirical findings have highlighted that European developed countries experience smaller output loss associated with higher unemployment (Ollivaud and Turner, 2015) . Results in this sample also corroborate the elder the population, the less exposed to the business cycles. However, unexpectedly, younger unemployment does not appear to be more susceptible to cyclical economic changes than overall unemployment (Bredemeier and Winkler, 2017) .
In general, the reported findings have some usefulness for productivity growth in developed countries and it must be considered in policies strategies. In fact, in spite being unemployment rates (and levels) largely related to the general business cycle, other factors such as labor and demographic developments could influence both, their short and long-term evolution. At this regard, Huang and Yeh (2013) confirmed both, the validity of Okun's Law (in the short-run) but also points out that a similar trade-off exists in the long-run.
We did not directly account for the instability of the Okun's Law coefficients following the economic and financial crisis, mainly due to the sample size, but is known that several EU countries introduce age-specific labor market regulations. However, the current reformed agenda is too narrowly specified in spite the fact that the general aims are clear (Rubery and Piasna, 2016) . Reforms are also targeted to older people such as changes in the hiring and firing regulations. Besides, intensity and effectiveness of labor market regulation differ among areas (Imbens and Lynch, 2006) as the policymakers do not have coordinated strategies (Barbieri and Cutuli, 2015) .
As disparities in productivity growth are shown in our results, different policies are then needed in each country or macro-area here considered. Indeed, policymakers should face this challenge by designing several ways to increase employment opportunities for diverse groups in society, e.g.: those on specific age cohorts (as the youngest), those working in particular economic activities (Şahin et al., 2015) , or more precisely, those living in specific countries or macro-regions (specific coordinated policies for each necessity). Moreover, different initiatives should be considered including proposals aimed at education and training institutions.in this regard, Khalifa (2013) provide a plausible explanation for unemployment persistence and the cyclical pattern of the skill premium. In short, the relationship between macroeconomic performance and institutional change should be explored as was done by Welsch and Kühling (2016) .
Future research could be improved when considering the full sample of European countries and a longer period of time. Besides to consider unemployment rates by other characteristics like dissimilarities between foreigners vs. national, different educational levels, etc. When more data would be available, this extension should be considered as there are issues of this interesting relationship that remain unexplained.
